Malaysia has initiated a range of pre-project activities in preparation for its planned nuclear power programme. Clearly one of the first steps is the selection of sites that are deemed suitable for the construction and operation of a nuclear power plant. Here we outline the Malaysian regulatory requirements for nuclear power plant site selection, emphasizing details of the selection procedures and site characteristics needed, with a clear focus on radiation safety and radiation protection in respect of the site surroundings. The Malaysia Atomic Energy Licensing Board (AELB) site selection guidelines are in accord with those provided in International Atomic Energy Agency (IAEA) and United Stated Nuclear Regulatory Commission (USNRC) documents. To enhance the suitability criteria during selection, as well as to assist in the final decision making process, possible assessments using the site selection characteristics and information are proposed.
in providing electricity generation. In seeking means for satisfying increasing power demands, and with mutual recognition of nuclear power as a potential source of future energy generation, the various influencing factors are being worked through in much greater detail than that of previous, more preliminary, analyses. Clearly the various concerns need to be addressed in prep aration for decision on nuclear energy deployment. The factors that influence the decision on nuclear power deployment will vary from country to country. Some of the factors are of a technical nature, including site selection and safety in nuclear technology deployment, with clear relationships to security issues. Other factors are related to economics, such as capital cost/investment, while yet others are socially related, again with related safety concerns including environmental effects, proliferation risks and waste management issues (Alonso 2012a) .
Malaysia is currently exploring the option of deploying nuclear energy in order to meet future energy supply demands, and is also seeking to provide for a diversified energy mix for Peninsular Malaysia. Historically Malaysia is not a newcomer to the nuclear industry. The history of nuclear technology in Malaysia started in 1970 when, following a visit to the Nuclear Research Centre (BATAN) in Indonesia, Malaysia's former Deputy Prime Minister mooted a nuclear power programme for the country. He proposed to the government that Malaysia should play a role in the development of nuclear science and technology for peaceful purposes. The proposal was accepted, leading to the establishment of the Centre for Application of Nuclear Energy (CRANE) in the same year. CRANE focused on manpower development for various nuclear isotope applications in medicine, agriculture and industry, eventually expecting to lead to a nuclear power programme as a future energy resource. In 1972 CRANE was renamed the Atomic Research Centre (PUSPATIPusat Penyelidikan Atom). Towards the realization of the nuclear power programme a one-megawatt swimming pool-type research reactor was purchased, with technical assistance provided by the International Atomic Energy Agency (IAEA). Feasibility studies and site evaluation started in 1978 and construction began in 1979. The reactor was commissioned in 1982. When oil and gas was discovered, the priority for a nuclear power programme subsequently diminished, and research and training for the nuclear power programme slowly shifted to other areas of technology. In addition to the nuclear power programme, PUSPATI (now re-established as the Malaysia Nuclear Agency) focused its efforts on research and applications in the agriculture, food, medicine and industry sectors (Muslim 2015) .
To fulfill the new energy policy objectives, nuclear energy was reconsidered as an alternative energy source in the Tenth Malaysia Plan, seeking to diversify the national energy mix for future sustainability (Basri et al 2015) . A Nuclear Power Development Steering Committee, headed by the Ministry of Energy, Green Technology and Water, was set up in June 2009 to plan and coordinate the preparatory efforts for deploying a nuclear power programme for electricity generation (Basri et al 2015) . The committee was tasked with conducting various studies towards preparing a nuclear power infrastructure development plan (NPIDP), targeted to be ready by 2013. Prior to conducting these studies, a nuclear power pre-feasibility study and initial site selection study was already under way (PEMANDU 2010) . Figure 1 below shows the NPIDP timeline for nuclear power development by MNPC in 2010.
In accordance with a tentative timeline, the pre-project activities are being spearheaded by the Malaysia Nuclear Power Corporation (MNPC) and the Nuclear Energy Programme Implementing Organization (NEPIO), with the Malaysia Nuclear Agency (MNA) as the Technical Support Organization (TSO) (Basri et al 2015) . MNPC is a fully governmentowned company under the jurisdiction of the Prime Minister's Department, and was officially launched by the Prime Minister under the Economic Transformation Programme (ETP) on 11th January 2011 (Ibrahim 2014) . Current preparatory activities in MNPC and MNA focus on detailed studies to identify issues and to list considerations to objectively determine and assess the current level of national capability and state-of-preparedness pertaining to the development of a national nuclear power programme (Ghazali 2012) . The actual decision as to whether nuclear power projects will be implemented is clearly that of the government, taking into account the recommendations in the detailed studies.
Part of the preparatory activities in the NPIDP is the nuclear power plant (NPP) siting process, involving two stages-site selection and site evaluation for construction of an NPP (Roshan et al 2005) . This paper outlines the site requirements and site selection process based on safety documents of the IAEA and Malaysian Atomic Energy Licensing Board (AELB). This section presents an overview of the Malaysia nuclear power programme to current date. The safety principles for the siting of NPPs are briefly discussed in section 2. The main section for this paper is section 3, focusing on the topic of the site selection procedure for Malaysia. This section presents the regulatory requirements in the site selection process and important site characteristics of an NPP site based on AELB guidelines, guidelines that were derived from IAEA safety documents aimed at fulfilling the nuclear safety objectives and safety principles of nuclear instalment. Section 4 summarizes the nuclear safety considerations in the regulatory document, as well as suggesting additional assessments that could be derived from the site selection data. 
Nuclear safety principles for the siting of NPPs
The fundamental safety objective is to protect individuals and the environment against the harmful effects of ionizing radiation (IAEA 1999 (IAEA , 2006 . Given that an NPP presents potential risks, enhanced as a result of the large amount of nuclear fuel and highly radioactive sources involved, the IAEA has documented specific standards and guidelines for NPPs.
Here 'site' is understood to be the area within which a nuclear power plant is located and which is under the effective control of the operating organization (IAEA 1999) . The selection of an appropriate site is an important process, the physical circumstances and environmental conditions manifestly affecting safety. Siting limitations are approached in a completely prescriptive manner, but site selection methodology is fully dependent on the operating organization and local regulation. However, generally the choice of site has to be balanced between various factors such as economic interests, public relations and safety (IAEA 1999 , Grimston et al 2014 .
A significant commitment of time and resource is required to select a suitable site for an NPP. Site selection involves consideration of public health and safety, economics, institutional requirements, environmental impacts and other factors (USNRC 1998). Nuclear safety requirements are primary determinants of the suitability of an NPP site, and the impact on the environment also needs to be included and concurrently evaluated. There are three safety principles for the siting of NPPs, as depicted in various documents (IAEA 1999 , Alonso 2012b , Gandhi and Kang 2013 :
External factors affecting the plant

Principle: the choice of a site takes into account the results of investigations of local factors that may adversely affect the safety of the plant.
This principle underlines the fact that physical characteristics of the site may affect the NPP in advance of construction, during operation and after shutdown. Possible external hazards from local characteristics to the plant need to be identified and safety measurements planned early in order to determine the safety and suitability of the site before the NPP construction begins (Gandhi and Kang 2013) .
Radiological impact on the public and the local environment
Principle: sites are investigated from the standpoint of the radiological impact of the plant in normal operation and in accident conditions. Assessments of radiological hazards from the plant to the surroundings during normal operation and in abnormal conditions are necessary in order to fulfil this principle. The radiological effect on workers, the public and the environment is to be investigated using risk assessment analysis to determine the immediate or long term effects from various radiological scenarios related to the NPP.
Feasibility of emergency plans
Principle: the site selected for an NPP is compatible with the offsite countermeasures that may be necessary to limit the effects of accidental releases of radioactive substances, and is expected to remain compatible with such measures.
Emergency plans are derived from the risk assessment to provide protection and countermeasures in case of accidents or radiological events in the NPP. The emergency plan in the plant must be compatible with the emergency plan outside of the plant in order to ensure optimum protection for the public and the environment.
Malaysia regulatory guidelines for NPP site selection
For a new entrant country, the regulatory body has to establish a licensing methodology and a draft of the safety requirements for the site (Alonso 2012a) . The IAEA has provided the basic requirements that must be taken into consideration in regard to siting activities, but the hierarchy of each requirement may be different from country to country. Hence the siting procedures, safety requirements and justification of site characteristics must be established by the local regulatory body as part of the licensing requirement. The criteria defined in the government policy should be used in the site selection and site assessment activities (ONR 2006 (ONR , 2014 .
The Malaysia nuclear regulatory body, the AELB, is the responsible authority regulating all activities related to nuclear issues. For the present new nuclear power programme, the AELB has conducted a regulatory assessment to establish licensing procedures for the NPP. Regulatory assessment involves the examination of legal documentation and arrangements for identifying the safety requirements of an NPP facility, its processes, operations and organization. This assessment also considers related regulatory documents such as the National Environmental Quality Act, 1974 and the Town and Country Planning Act, 1976. In addition to establishing licensing procedures, the information from the assessment can be referred to during the required inspection of the facility in order to ensure that the provisions and requirements have been implemented, and continue to be adhered to (ONR 2006 (ONR , 2014 .
The AELB has regulated the placement of an NPP site by developing three guidelines to meet nuclear safety requirements at national and international levels. The documents developed are the 'Board Directive on Regulatory Requirements for Site Evaluation on Nuclear Power Plants', 'Guideline for Site Selection of Nuclear Power Plants', and 'Guidelines for Site Evaluation of Nuclear Power Plants' (AELB 2011c). The three documents include regulatory requirements in siting, safety aspects during site evaluation and safety criteria to be followed in order to ensure that all assessment processes comply with the regulations. It also provides guidance on how to carry out the selection of an appropriate NPP site by providing selection steps, site selection criteria and critical information needed for legal requirements and safety assessment (AELB 2011c (AELB , 2011d .
Site selection procedure
The site selection process for NPPs generally consists in an investigation of a large region to select one or more candidate sites (AELB 2011b). The earliest phase in the site selection process is a simple survey in the region using a suitable methodology for identifying areas of possible sites, and eliminating areas that have undesirable characteristics, without extensive analysis. The survey areas can be classified into a region of interest, candidate areas, potential sites, candidate sites, acceptable sites and preferred sites throughout the selection and elimination process.
The AELB proposes three classifications for site criteria-exclusionary, avoidance and suitability criteria; and four steps for the NPP site survey in order to determine potential candidate sites from any region in Malaysia (AELB 2011b , IAEA 2012 .
Exclusionary criteria are used to eliminate certain areas based on consideration of go or no-go situations. Usually, exclusionary criteria involve critical safety considerations such as site-plant design values that do not fall within applicable plant design, environmentally sensitive areas and high population densities. Avoidance criteria are more flexible in their application, utilized to identify broad areas with more favourable than unfavourable conditions. Since the distinction between favourable and unfavourable areas is not well defined, application of avoidance criteria will ensure that the site selection approach is effective. Suitability criteria represent characteristics that fulfill the safety and environmental requirements and may be considered as fundamental criteria to ensure no severe licensing problems or excessive additional cost.
The steps undertaken have been based on the site criteria. Through these steps, large regions were narrowed down until small areas that qualify as potential NPP sites were determined. (AELB 2011b) . The first step here is screening a large region of interest using the exclusionary criteria in order to eliminate unfavourable areas due to various constraints, be they regulatory, design or environmental considerations that affect the licensing process. Further screening is directed at the less favourable characteristics, seeking to reduce more areas to obtain candidate areas. In the second step, candidate areas will undergo more detailed screening using more refined exclusionary and avoidance criteria in an effort to identify optimum areas for an NPP facility. Screening is conducted until an appropriate number of potential candidate sites have been identified. The next step is to rank the list of potential sites obtained during step two. The ranking process is carried out using suitability criteria that are based on published data and previous information on the sites. Candidate site ranking is based on the importance of the characteristics, site preferences and a sensitivity analysis, which will provide critical comparisons among sites and enhance the confidence level. In this step, the candidate sites will be presented to the decision-makers, in seeking to obtain a list of acceptable sites that comply with site licence application.
Steps in the survey/selection process
The site selection process ends with a detailed on-site investigation and analysis using more specific data. An issue-by-issue analysis is conducted to allow additional differentiation among the candidate sites. The results should then provide the decision-maker with a clear basis for differentiation among the candidate sites, and thereby the selection of a preferred site. Figure 2 shows the decision tree process as stated in the guideline document.
Investigation of site characteristics/parameters
Public safety and environmental protection are primary determinants of the suitability of a site for an NPP. The information needed in the initial stage (site survey) is limited to information obtainable from published reports, public records, various related agencies and individual knowledge about the potential site. The site characteristics for an NPP facility in Malaysia were defined in the AELB guidelines for NPP site selection (AELB 2011b). The environ mental safety issues related with NPP operation are listed to define specific site criteria (as stated in sections 3.2.1-3.2.7) to be implemented in the site selection process.
The investigation of the site characteristics based on safety regulatory requirements (AELB 2011b) is described below.
Geology and seismology.
A detailed geologic and geo-technical investigation of the site is important in identifying a solid and stable foundation for the NPP facility. Sites with competent bedrock, stable rock or solid soils are generally favoured as the best building foundation conditions. Geologic conditions, such as areas of active (and dormant) volcanic activity, earthquake areas and unstable slopes, and related man-made conditions such as mined areas, should be avoided. Areas with a minimal likelihood of surface or near-surface deformation or faults are preferred as acceptable criteria. The AELB has stated certain limits for geologic related features in the area. The operator should determine the distance of the site from such adverse features based on regional data. Sites furthest away from these features should be selected and will be re-evaluated using more detailed and specific information. The features are given in table 1.
Atmospheric extremes and dispersion.
Atmospheric dispersion is normally not critical in determining the suitability of a site because it usually does not represent a severe effect on the structure, systems and components, all of which can be designed to withstand most extreme atmospheric conditions. However, the atmospheric characteristics at a site are important in the evaluation of the dispersion of radioactive effluents from both postulated accidents and routine releases of gaseous emission according to local regulatory requirements for the dispersion of airborne radioactive material (AERB 2008 , USNRC 1998 . Topographical features, such as mountain ranges, valleys, buildings and ocean shorelines can affect the local atmospheric behaviour and may cause the dispersion characteristics at the site to be less favourable (Ahmad et al 2010) . Hence this information must be included in the evaluation of potential sites.
Safety zone-exclusion area and low population zone.
An exclusion area must be designated by the applicant in regard to the area surrounding the NPP facility. The applicant must have the authority to determine all activities within that area. The area immediately beyond the exclusion area must be designated as a low population zone (LPZ), where the population numbers are controlled by the local authority (USNRC 1998). The size of the LPZ depends on the atmospheric dispersion characteristics and the population characteristics of the site as well as various aspects of the proposed NPP design. The requirements in the safety zones depend on the local regulatory body with reference to the safety and security assessments in the vicinity. For example, Finland designated three safety zones; an NPP zone, a protective zone and an emergency planning zone. However, no population limit figures have been stipulated for the LPZ and emergency planning zone (STUK 2000) . India has four safety zones, with permanent settlement restricted in the NPP zone to within 2.4 km. A maximum of 10 000 and 20 000 people are allowed within 5 km and 10 km of the NPP site, respectively, while a maximum population of 100 000 is allowed in the area 10-30 km from the NPP site (Roshan et al 2005) . For Malaysia, the AELB follows the United States Nuclear Regulatory Commission (USNRC) guidelines, where the size of safety zones depends on the atmospheric conditions and the population characteristics around the site. The size is determined from the assessment of radioactive material dispersion through air and the radiation dose received by surrounding populations (USNRC 1998).
Population consideration.
NPP sites should be located away from densely populated centres. If a potential site is located away from a densely populated centre but not necessarily in an area of low density, the site may be acceptable after giving consideration to safety and environmental factors. The population limitation helps to facilitate emergency planning and preparedness, as well as reducing unnecessary doses and potential damage in the event of severe accidents.
Emergency planning.
An emergency plan and an emergency zone are established to protect the NPP facility, the public and the environment during an emergency. The determination of the exact size and configuration of the emergency planning zone is dependent on demography, topography, land characteristics, access routes, jurisdictional boundaries, and the local emergency response capabilities. Hence, an assessment of the site and that of its vicinity, including the population distribution and transportation routes, should be conducted to plan protective action for the public in the event of an emergency. This analysis could also consider external events, such as earthquakes or floods, that might affect both the NPP and the evacuation route network.
3.2.6.
Hydrology. An adequate water source is one of the most important criteria as it needs to provide a water supply to the NPP facility for its entire lifetime. The water supply system must be highly dependable in normal condition or postulated occurrences of natural and site-related accidental phenomena, or combinations of such phenomena. The water quality effect is also considered in order to avoid contamination to the environment through water supply/release. Investigation of the dispersion and dilution capabilities and potential contamination pathways of the groundwater environment under operating and accident conditions with respect to present and future uses of water sources must be included during site evaluation. Generally, sites with a higher degree of excess supply and/or lesser potential for water quality effects would be more favourable than sites with a lower degree of excess supply and/or greater potential for water quality effects.
For natural events such as flooding, major flood-prone areas within the 100 year and 500 year flood-prone level must be excluded at the early stages by reviewing flood historical data in the area. Consideration should also be given if the site is located in coastal areas, estuaries and rivers to determine the impact of water level rise due to local climatic change.
Industrial, military and transportation facilities.
Transportation routes, industrial and military facilities may cause hazardous impacts on the NPP facility. Potential hazards from such routes and facilities are investigated so that they pose no undue risk to the proposed site.
The investigation includes mitigation of hazards via modification of activities at these facilities, evaluation of accident frequencies and impacts, and incorporation of design features to mitigate impacts on the NPPs from accidents at nearby hazardous facilities.
For the initial step of site selection, the AELB suggests that an applicant should identify and avoid areas within 16 km of major airports and/or within 8 km of hazardous facilities such as military bases, oil pipelines, chemical facilities, mining and quarrying operations, dams, and land and water transportation routes for hazardous materials. The acceptability of a site depends on the following: a. an accident at a nearby industrial, military or transportation facility would not result in radiological consequences that exceed the dose specified in the Atomic Energy Licensing (Basic Safety Radiation Protection) Regulations 2010; or b. the accident poses no undue risk because it is sufficiently unlikely to occur (probability of less than about 10 −7 yr −1 ); or c. the NPP can be designed so its safety will not be affected by the accident.
Further assessments
The potential candidate site in the site selection survey must undergo detailed assessment and evaluation in order to determine its qualification as a feasible NPP site. The site evaluation and quality assurance are conducted to double check the safety characteristics of the selected sites, and enhance the safety compliance for each site.
NPP site evaluation.
After candidate sites have been selected, further evaluation is conducted to certify all related risks and possible impacts towards or from the NPP. The evaluation of a suitable site is carefully considered to ensure adequate protection of site personnel, the public and the environment from the effect of the development and operation of the NPP (AELB 2011a, AERB 2014). Generally, the evaluation of the potential site of an NPP has to consider the following aspects (AELB 2011a , 2011d , IAEA 2003 a. evaluation of the site characteristics affecting the plant safety; b. consideration of evolving natural and human-induced factors for the projected lifetime of the NPP; c. consideration of the potential impact of nearby hazards associated with land uses; d. evaluation of the hazards associated with external natural and human-induced events; e. determination of the potential impact of the NPP to the environment; f. consideration of projected population growth in the vicinity of the site, and emergency planning that takes those projections into account; and g. consideration of the total nuclear capacity in the proposed site.
Quality assurance for site selection.
Adequate quality assurance is established to control the effectiveness of the execution of investigations, assessments and engineering activities performed at every stage of the site selection for NPPs. Attributes of the quality assurance programme include procedures, record keeping, inspection, corrective actions and audits (IAEA 2003 , AERB 2005 , Zakariya and Kahn 2015 . The quality assurance programme is required for all activities that may influence safety or the derivation of parameters of the design for the site and is graded in accordance with the importance to safety of the individual siting criteria under consideration (AERB 2005 , AELB 2011a , 2011d ).
The quality assurance programme for site selection is a part of the overall quality assurance programme for the NPPs. However, since activities for site investigation are normally initiated long before the establishment of a nuclear project, the quality assurance programme should be established at the earliest possible time, consistent with its application in the conduct of selection activities (IAEA 2003 , AELB 2011a , 2011b .
Discussion on the siting guidelines
The document 'Safety Assessment Principles for Nuclear Facilities' of the United Kingdom Office for Nuclear Regulation (ONR) states that '…account should be taken of all relevant factors that might affect the protection of individuals and population group from radiological risk when assessing the siting of a new facility' (ONR 2006 (ONR , 2014 . With reference to this statement, three major requirements/factors that contribute to radiological protection in NPP site selection were identified in the AELB regulatory requirements/guidelines-the physical data around the site, the required site characteristics for effective accident management and emergency preparedness, and the determination of external hazards associated with the site (IAEA 1999 , ONR 2006 , 2014 , AELB 2011d . Based on these factors, the essential site parameters are defined and need to be investigated to ensure compliance with the safety requirements for an NPP. The site selection procedure established in the document has considered all safety requirements regulated by the IAEA.
In addition to being in accordance with the structure of the siting guidelines of the AELB, the present authors would also like to propose additional steps to be undertaken by the operator based on the data collected as part of the site selection guidelines. We would suggest that these additional considerations could be of help in distinguishing between candidate sites among the potential sites, as chosen after the selection process.
Application of virtual defence in depth (DID) in the site selection process-the layered protection concepts
The IAEA (IAEA 1996 , 2006 , IAEA 1999 have stated that the strategy for DID is twofold: first, to prevent accidents and second, if prevention fails, to limit their potential consequences and prevent any evolution to more serious conditions. DID is generally structured in five levels; should one level fail, the subsequent level comes into operation (RHWG 2009). In a nuclear power programme, site selection is included as one of the DID strategies for an NPP.
In the regulatory requirement document, this paper suggests that the AELB should set the site characteristics so as to take into account the DID strategy in the procedure. Although the DID strategy is mainly focused on the plant design rather than the site characteristics, the concepts can still be used to 'design' a safe site for an NPP. The concept is supported by emphasizing the inherent safety characteristics of the site. While finding natural protection is difficult compared to a developing NPP designs, it is undoubtedly an added feature for the safety and protection of the site. Using a DID strategy, the differentiation of site criteria between avoidance with exclusion and avoidance with suitable features can be made clearer. A summary of site requirements linked with DID objectives are given in table 2.
Use of site selection data for safety assessment after survey
The surveys undertaken before NPP site selection are conducted in order to collect information from population data, local physical data, possibilities of natural or human induced hazards at the site, the effects to/from the nuclear installation, and safety issues related to the NPP throughout its entire life. Careful considerations made during pre-siting activities produce an effective siting procedure and identification of essential site characteristics for the screening process that is undertaken during the actual siting activity, as depicted in the regulatory requirement document.
Apart from using site information solely in the site selection procedure, this paper recognizes that the information can also be used in additional safety assessments for the site as preliminary assessments. Originally, safety assessments are included in the site evaluation phase, hence these are not stated in the regulatory documents for site selection. However, the preliminary assessment may be helpful as supplementary material during the decision making process in the final selection of an NPP candidate site, before in-depth site evaluation is conducted.
Safety case assessment.
With the data collected, safety cases for the sites can be developed to depict various scenarios to elaborate various aspects of safety planning for the recommended sites. A safety case is a set of documents that describes specific cases of potential radiological hazards in the facility during or outside operation time, and other practicable measures that need to be implemented to prevent and manage incidents. The documentation consists of experiences from the past and present scenarios, and future expectations as a guide for the processes that should be operated in the future to successfully control hazards in the facility (ONR 2006 (ONR , 2014 . The foundation characteristics (geophysical) of the site must provide the best protection for the NPP from all hazards towards the plant. For example, the site must able to absorb the impact of possible earthquakes and possible faulting throughout its lifetime, hence the priority on stable tectonic conditions. Level 2
Prevention and control of abnormal operation and detection of failures.
The site must be accessible in various abnormal conditions. Alternatives to accessing the site must be determined and all possible cases of emergency have a ready-made countermeasure plan. Level 3
Control of faults within the design basis.
All possible faults must be detected early on so that preventive measures can be instituted a .
Level 4
Control of severe plant conditions in which the design basis may be exceeded, including the prevention of fault progression and mitigation of the consequences of severe accidents.
The site surrounding the NPP should be compatible with the control and dispersion of radioactive material. For example, identification of natural barriers to prevent radiological air dispersion or underground contamination should be classified as being mandatory suitability criteria. A stricter dose limit for the environment should be applied. Level 5
Mitigation of radiological consequences of significant releases of radioactive substances.
Possible hazards and their effects in the site surrounding can be identified based on the list of avoidance criteria. Even though the area may not be selected for an NPP site, the variety of possible incidents depicted from each criterion can be documented as a justification for rejection of a candidate site, as well as to record the list of possible safety risks in the region. Thus the safety cases developed will help to organize site information for specific classes of emergency events for future reference (ONR 2006 (ONR , 2014 , and becomes the basis for risk management for the activities and interaction in the facility, between workers and machines or between themselves. The safety case does not in itself ensure the safety of a facility, but provides further understanding of the radiological issues so that the requirements derived from it can be properly implemented, and the facility can be operated and maintained in a safe manner.
Social impact assessment.
The construction of an NPP near existing communities should consider the possible social impact on the demographics, community and individual well-being, and the provision of service infrastructure. A social impact assessment (SIA) study is conducted for a preferred site as a tool to address social implications of the NPP and to identify adverse social impacts that may arise from construction and operation of an NPP on the existing and surrounding communities. Examples of social impact are shown in table 3.
Environmental and radiological impact assessment.
The purpose of the environ mental impact assessment (EIA) is to ensure that environmental impacts are consistently taken into account in planning and the decision-making process. Another purpose is to increase the availability of information to citizens and the possibility for them to participate in the siting considerations (IAEA 2014). The expected changes in the site such as its physical form, climate and ecological systems are carefully analyzed (Keeney and Robilliard 1977) . For an NPP, a special part of the EIA is the radiological impact assessment (RIA). The EIA and RIA consider the effects from the NPP construction and operation to the environment surrounding the plant. The EIA and RIA will finally produce a proposition for the environmental and radiological protection framework for the NPP site. The protection framework consists of:
1. establishment of an environmental baseline and radiation baseline; 2. prediction of potential environmental and radiological impacts; 3. identification of mitigation measures (design and operational control measures); and 4. direction for an environmental and radiological monitoring programme.
A study by Dermol and Kontic in 2011 stated that a strategic EIA in the site selection process can help to increase the degree of suitability criteria of a site. The study compared the differences between two site selection processes for a radioactive waste disposal facility in Slovenia, that is between the local agency and the optimization process suggested by experts working in the area of EIA. The evaluation in the assessment consisted of the consideration of the environmental vulnerability, spatial attractiveness and spatial suitability. The attraction and impact of a certain candidate area for a particular activity, together with the vulnerability of a particular environmental component can be evaluated to obtain an indication of which candidate area is better or less suitable for the allocation of the same activity. This study concluded that the site selected by the local agency met fewer suitability criteria than the optim ization process applied in the strategic environmental consideration (Dermol and Kontić 2011) .
Public participation in site selection
Considering the inevitability of nuclear power programme development in Malaysia, it is important to take the community along in the siting process, especially the local people most directly affected in the site area. Macintosh stated that part of the reason for opposition is that the public has no idea where the power plants are likely to be located (Macintosh 2007) . This situation may lead to the not-in-my-backyard (NIMBY) syndrome and ongoing opposition to nuclear energy from within Malaysia.
Public participation is common practice in impact assessments for high risk constructions. The International Association for Impact Assessment (André et al 2006) defines public participation in the context of environmental assessment as 'the involvement of individuals and groups that are positively or negatively affected, or that are interested in, a proposed project, programme, plan or policy that is subjected to a decision-making process'. The purpose of public participation in impact assessments is to provide avenues for these contending interests to pursue their desired outcomes and to resolve conflicts between them (Barton 2002 , O'Faircheallaigh 2010 . Public participation is especially important in the economic, social and environmental aspects of NPP site selection through various impact assessments. According to O'Faircheallaigh (2010) and Glucker et al (2013) , the objectives of public participation are; a. to influence decisions and to enhance democratic capacity; b. to harness local information and to test the robustness of the proposal; c. to generate legitimacy and to resolve conflicts.
Public participation is not just a way of obtaining information, but also to assist with problem solving by suggesting ideas, concepts, solutions and resources that can be mobilized to address complex environmental and social issues; and to identify effective, socially acceptable strategies to mitigate impacts and identify opportunities (O'Faircheallaigh 2010). The public concerns regarding nuclear risks are addressed in an SIA and an EIA during the NPP siting activity to acquire feedback and include the involvement from the public in the decision making process of the most ideal NPP site, in particular for present interest in Malaysia.
Conclusion
The adoption of a safety approach in NPP site selection is important in determining the radiological risk to humans and environment from internal and external events, or possible errors caused by human or equipment failures. This review has addressed important requirements and crucial aspects in the site selection process for Malaysia. A regulatory document for site selection of an NPP by the AELB has thoroughly stated the siting procedures and site characteristics for Malaysia. The principle of nuclear safety is considered to ensure protection to the NPP personnel, the public and the environment. Hence, this paper concludes that the existing siting document and regulation requirements have been consistent in regard to the protection of health and safety of the public and environment. However, although a site may be deemed suitable based on the safety criteria, decisive factors such as environmental and social impact, as well as public involvement in site assessments, must be taken into account when the final decision is made. There is no ultimate standard on the method of selecting an NPP site, but the common aim is clear-to ensure safety and protect the public from the harmful effects of radiation and to minimize the impact to all affected parties in the selection process.
